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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVMTCE   RESTRICTED  IEFORT 

PLIGHT TESTS OF TIT LATERAL CONTROL CHARACTERISTICS OF AN 

F6F-3 AIRFLAUE EQUIPPED VITH SPPING-TAB AILSTOTS 

By  Walter C.   Vl Hi airs 

SUGARY 

\ 

Flight  tests were r. ede  to determine  the lateral con- 
trol  characteristics of an F6F-3 airplane equipped with 
spring-tab ailerons, iriilch were developed by the Grumman 
Aircraft Engineering Corp.   and have been rr.ade a production 
installation on F6r airplanes. 

The flicht  tests  phoned that the  spriny-tsb ailerons 
.had desirably  ll^ht   stick forces   and ".no tendency   to over- 
balance.     Although the   tr'os rere not niaos-üalcmced,  no 
flutter t^nderciis were  indicate3  t;t  speed3  up  to £.00 riles 
per hour,   and   any oscillations following abrupt cor.trol 
deflections  vere heavily  damped.     Tns  spring-tab 'lilerons 
gave tiO percent higher values  of effect! ver.ees  with a 
30-pound  stick force  at U00 iriles  per hour  than  the 
original ailerons  on  the  F6F-3  airplane.     At  speeds  lover 
than 27S miles   por hour,   tho  sprinj-tab allorcns v;ere  less 
effective  than  the original  :.:.iierons   jocause  of restricted 
aileron travel   as  a  rosult of  the use  of  large  stick 
deflection to dsflect tha  spring  tab.     Fcco»n','ondii;r. or.s   are 
made  for modifications  that would increrse  the  aileron 
effect!vonors  at  lov,   «ipesdfl  without  affectin.,  tbc   Intoral 
control ft hie*1 speeds.     The modifications  norcslnt  of 
incresnin.T: the  available  aileron deflection and modifying 
the  sorln^-tob  arrangement.     Such on arranjonent ^l^ht, 
however, bo more susceptible  to flutter than tho produc- 
tion installation. 

IKTRODTJCTIOE 

Flight  tests were made  to determine  the lateral con- 
trol  characteristics  of an F6F-3  airplane equipped v-lth 
spring-tab ailerons, *-hlch wore developed by the Grumman 
Aircraft Engineering Corp.   and have been made a production 
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Installation on p6p airplanes.     Considerable interest has 
been shown in the use  of spring tubs  as  a means of balano'.u 
control  surfaces  on high-speed  airplanes,  because spring 
tuba permit  light control forces  to be obtained at high 
sr?eeiis without  asking the balancing    action critical  to 
ficall changes  in control-surface contour.     These  advants^es 
are obtained  because  the balancing acticn provided  by a 
spring tab is  proportional to  the  apolled control  force, 
and v^ry close  aerodynamic balance of the  control  surface 
i3 not required. 

I 
AIRPLANE AND AILERONS 

The P6F-3  airplane is  a low-wing,   single-place, 
single-engine,   fighter-type monoplane.     A three-view 
drawing of the  airplane is shown as figure 1.     The  spring- 
tab ailerons have  a Krise typo nose balance  and are 
identical to the  original F"6F-3  rllerons  except   that a 
spring  tab has  been Installed on each aileron.     Those 
sprint  tabs  are identical in  size  and location to  the 
trim tab on the  original  "tT-^  ailerons;   In  the  co.se  of 
the  apriiif-tab  ailerons, however,   the  tab  on the left 
aileron is  a combination trim and 3prlng tab.     Details 
of the  spring-tab  aileron  arrangement are  shown in  fig- 
ures 2  and 3,  which were furnished by  th2 Orumnan Aircraft 
Engineering Corp.     Dimensions pertinent to  the  aileron 
characteristics  are  as follows: 

T'Lng  span,   feet ij.2.83 
Aileron span  feach),  feet b.375 
distance from center line  of airplane to 

Lhbcard  end of aileron,  percent semispan    ....       6I4. 
Aileron chord,   percent wing chord          kO 
Aileron area behind hinge  line   (each),  square feet . 7.5L. 
Spring-tab area  (each),   square  foot O.lj.66 
Spring-tub  span  (each),   feet 1*375 
Stick force  required to deflect  spring tab 1°, 

pounds 1.6 

No preload was used in  the  spring of the  arrangement 
tested  and  the tabs had no mass balance.     The variation 
of stick position with right-aileron spring-tab angle 
with the  aileron held neutral is  shown  in figure  ij.     The 
tab  singles  are measured in degrees from the aileron.     The 
relation between stick position End right-  and left-aileron 
angle,  with no load on the  control 3ystom,  is  shown in 
figure  5>     The aileron angles  are  referenced to neutral. 

I- 
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IHETRUMENTATIOH 

-•m 

Standare KAOA photographic recording instruments, 
synchronized by an electrical tlr.ier, were used to measure 
airspeed, rolling velocity, aileron stick force, and the 
position of the spring tab, aileron, and stick.  Correct 
service indicated airspeed V« used herein is defined 

\ 

Vi     = Kf0V% 

where 

K = U5.06 

*o compressibility correction at  sea level 

impact pressure, Treasured difference between static 
and total-hsad pressures corrected for position 
error,  Inch-is  of water 

TSET RESULTS  AfcD DTSCTJSSION 

Teats wore mide  to deterir.ino rtiethor   the  spring-tab 
ailerons tended to oscillate or flutter in  the 30fied  range 
to I4.OO rcilas  per hour.     These  tqsts  convicted cf maneuvers 
in »;hieh tho pilot  abruptly deflected and   released the 
aileron control   nt  various  speeds,     lypical  time histories 
of the maneuvers  ire  shorn in figure b,  v.hloh indicates 
that  any oscillation of the  ulleron or  spring tab 'vas 
heavily damped and disappeared completely within two 
cycles.   Ths pilot   reported no  flutter in the   sp^od r^nge 
up to kOO wiles pyr hour. 

The lateral control characteristics wore measured in 
abruot  {iilaron rolls with  the  rudder held fixed as 
described in referer.ee  1.     These  roll3 v:orc *r.sde  at 
increments  of  cj0 rniljs  per hour from  approximately 100 
to kOO miles per hour.     Tho results  are plvon as  the- 
variation of helix anglo    pb/üV    and change  In aileron 
stick force at  various  3po-3ds with the chungo In total 
aj laron anglo.  1n figure  7  and with stick position in 
figure 0.     No foroe dsta are  ?hov;n in these  figuroa for 

• .   • .1 
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most of the end points on the E£-curves because the con- 
2V 

trol  stick was  against  the  stops  find  the  forces  recorded 
wore a measure  of how hard the pilot was  pushing against 
the  stops  rath-3r than a measure of the force required to 
cV.:l'lvot  the  ailerons.     limited  stick deflections rero used 
•t 350 and h-00 miles  per hour In order that  the  structurt.1 
Muslim loads  of the   system would not be  exceeded.     Figures 7 
i-:ud   £      show that the aileron stick forces are quite light 

ii-L there is no  tendency  toward overbalance.     It should 
no noted however that,  although the  end test points in 
figure 7 indicate partial aileron deflection,  figure 3 
phowa  that  substantially  full stick travel was used to 
obtain these aileron deflections.     This  condition occurs 
because considerable  stick travel is used to deflect the 
spring t^b. 

In all flights for which data aro presented herein, 
the transmitter of  an JTACA electrical control-position 
recorder was mounted externally on the  right aileron to 
ne&sure the sprlnr-tdb  angles.     A  flight made without the 
transmitter,  however,  showed tnat  this  protuberance caused 
no change In the aileron characteristics.     The results 
of the measurements  of sprlng-ttib  angles during the  abrupt 
pileron mils   are  shown in figure 9  as  the  variation of 
sprln£-tab  angle  on the rlpht aileron with deflection of 
that aileron.     The similarity of  these curves  to curves 
of hinge-moment coefficients  for a Frise  type  aileron, 
such t'S  to used on the  FoF-3  airplane,  lndicato  thkt  the 
tab  angle is proportional  to the  stick force  required 
to deflect the   aileron.     That Is,   for the down-aileron 
deflections,  thf: large  tab angles indicate  little aero- 
dynamic balance;  while  for  the up-alleron deflections 
1^3 ntga.t1.ve  tf.b  angles  tend to  ocposo  the  aileron travel, 
whioh indicotes  aerodynamic overbalance, until  separation 
occurs  about the no3e.     Separation decreases  the aerodynamic 
balance nnd causes the spring tab to deflect in a direc- 
tion to  aid in deflecting the  ailerons. 

The over-all efficiency  of the  spring-tab ailerons 
is compared with that of the original >6F-3  ailerons in 
figures  10 and 11.     These figures  present,  respectively, 
the pb/2V nnd   the  rolling velocity  at  an altitude  of 
10,000 feet  obtained throughout the  speed range with full 
stick deflection or JO-pound stick force, whichever occurred 
first.     The data for the  original ailerons were obtained 
from a flight  investigation  (unpublished)   of the handling 
qualities  of  the F'6F-3  airplane.     These data show that 

I- 
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the spring-tab ailerons are loss effectiva than the 
original ailerons at speeds  lower than approximately 
275 miles per hour.     The loss In effectiveness of the 
spring-tab tiierona is caused 07 tha limited aileron 
travel,  which r.;sult3 fro:n ifce use of largo  stick 
deflection to deflect the  •sprin;); tab.     At  spcsds greater 
than £75 islles ner hour,  the effect of ths  ?„i£htcr stick 
forcer,  of J-.he  apring-tet  1llr.ro.1s besides  "n-edomir.ant 
und,  as  a result,   ttao nilaron effe;ctivenesr. obtained 
with a JQ-pound  stick force  st ii.00 vr-lles  per hour is 
approximately SO percei.t h'jher with the   spring-tab 
ailerons then the alleren ei'fectlvsneas obtained with 
the  original silerons. 

The IOSF in nffectiv.ness of the  spring-tab ailerons 
can "JO decreased t.t lov;  speeds without afftjctlnj; the 
desirably light  stielt forces   Et high speeds if a  stiffer 
spring is used and if,   &t the  same tine,  tho  length of 
the  tab  actuating arm 'fig.  <2) is  so increased that the 
ratio of stick force to tab deflection is kept the  sawc 
03 in tho  spring-tab aileron tested.    In this  su^.ostad 
arrangement,  tho  stick Reflection required for full tah 
deflection rev Id be decreased  and th* f. Ceci'case  would 
allo'v larTor ollorcn deflection.     Suoh an arrangement, 
hovovsr,  '.Tiirht rr.Ake  the  t*sb installation more  susceptible 
to flutter (reference 2);   that is,  Lho tab uculd have a 
greator mechanical  adventi"o over the  control system 
than the  spring-tab t'.rtcd and,   therefore,  inertia effects 
of the  tab vou'ld be .noie likely  to cause  flutter.     Further 
inonapea  ir  allcion olfeati vsn-sss  at  the lover speeds 
could be accomplishad by  U.creaainjT  the dovm-elloron 
deflection to  the same  vplun   ss  the  present uc-uileron 
deflection.     Increases  in the  uo-allaron deflect* on 
are not recommended,  nrwcvnr,  since figure n  ln-'.icntos 
flow srocratlon nüout the nose balance  url ns.y   '_;xre".se 
in up-p-iliron deflection tr.l/Tht there fore  result in 
aileron buffet  at  full deflectl an.     Altlioarrh the lncroase 
in dowi-ai leroa deflection mipht  result in üCTre-.vhp.t higher 
stick fore 3;»  throughout  tho spaed ran^e,  sure   r-vlvction 
could be made in the spring stiffness to reduce  the stick 
forc33 to the present  vnlacs  &ni,   at  the sti^e  time,   retain 
incroased  aileron effectiveness  at  low  speeds. 

e_K\ t J_| !ul^.iw 

Plight tests to determine  the lateral control char- 
acteristics of an t'6?-3  airplane  equipped ?;lth spring-tab 
ailerons indicated the following conclusions: 

1QW 



HACA ARR No.   L5C23 

\ 

1. The spring-tab ellsrons on the F6F-3 airplane 
shnwad no tendency to flutter In the speed range up to 
UOO miles per hour,  and any oscillations following 
•ibrupt control deflection were heavily damped. 

2. The  spring-tab ailerons had derirably ll£ht  stick 
forces without any tendency to overbalance. 

3. Thn  sprinf-tHb ailerons  f~ave «JO percent higher 
values  of effect!venesr with a JÖ-pound stick force  at 
l(.00 miles per hour than the original F6F-3  ailerons.    At 
speeds  lo'ver than 275 lr.iles per hour,  the spring-tab 
ailerons had lsss effectiveness  than the  original ailerons 
because of restricted aileron travel  BE  a result of the 
use of large  stick deflection to deflect tho spring tab. 

1*.  The  available aileron effectiveness with the 
spring-tab ailerons  at  the lower speeds  could be lnsreased 
without  affecting high-speed lateral control oy an increase 
in the  available   aileron deflection and a podlfication 
cf the  sorir.p-tBb errargernent.     Such an arrangement night, 
howevcsr,   on ir->v? susceptible   to flutter than the produc- 
tion installation. 

Lanpjley  Memorial Aeronautical Laboratory 
rational Advisory  Cororcittee  for Aeronautics 

Langley Field, Va. 
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AÜTHO»(S) 

WVBWN, Aerodynaalci (2) ''/ 
SECTION: stability «ad Control (IT 9 )-/£ 
CROSS «EFEtJNCES: Airplanes - Lateral control (OÖV70.5)i 
A Her CM - IffeetlTeoeee (03205); Aileron* - Oscilla- 
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ABSTRACT 

Tssts vere «ade to determine whether spring-tab allarona tended to oscillate or flotter 
In spaed rangea up to aCO aph.    Tllght testa shoved spring-tab allarona bad desirable light 
stick forcaa and no tendency to orsrbalanca.    Bo flutter tendencies wars Indicated up to 
fcOO aph, and any oscillations following abrupt control deflectlona war* baaTlly danped.    Be- 
coaaandatlan* war* aad* for aodlfleatlon* to increase aileron *ff*ctlT*n*s* at low speeds 
without effecting lateral control at high speeds by Increasing aTallable deflection and 
modifying spring-tab arrangenent. 

•Oil:    BeguMte for ooplee of thle report anst be addreeeed to:    «.A.CA., 
Washington, p. c. 
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Tooto woro cade to determine whether spring-tab ailerons tended to oecillato or flutter 
in opood rongoo up to bOO mph.    might tests 'showed spring-tab ailerons had deolrcblo light 
stick farcoo end no tendency to overbalance.   So fluttor tendonclss were Indicated up to 
kOO qph, end any ooclllatiano following abrupt control defloctiano ware hoavliy danped.    Be- 
ofgsantetlono TOTS cads for codlfieatlans to lncreaso aileron effectiveness at low speeds 
without affoctlng lateral control at high speeds by Increasing available defloctlon and 
modifying spring-tab arrangexjt. 

DOTE:    Boquoote for oopioo of this report met bo addressed to:    3.A.C.*., 
Caahlngtcn. D. C. 
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